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Description 
Technical Psid 



8 (90011 Thopreswit Invention wtotes to a rneth<xl for manufacturing a min film transis^^ 

display devices, euto-lumlnesoent display defvioea and LSIa. In more detaU. the present Invention relates.to a mettuwl 
tonmsnufacturing a thin film transistor by fanning a thin film constituting the thin film trwslstor using a liquid mateilal. 

Background Art 

" [OOOZI A thin tarn transistor Is usually composed of a thin films such w semleondudor iilrns. InwiaBon fume and 
oonduotlve films. When these thin films are categorized depending on their ftindions, the InaulaBonfllni Indudes 8»te 
Insulaaon films and Interlayer Insulation films, and the conductive film is used fbr gate ^^'^^'J?^'^'^"f^^ 
trades, pixel elecliodes and wWi^ lines. These thin films have been mainly deposited by a CVD (Chemieal Vapor 
18 Deposition) method and a sfNJttering method. ^ * . m.- ...^i^,,. 

10003] Snicon turns such as amorphous slOcon films and poly^lllcon filma have been rwmiy used fbr me semlcon- 
ductorfUms. The sDlcon films have ^sn usually formed by a thennal CVD method, a plasma CVD method or a ptwto- 
CVD method using monosilane gas or disllane gas. The thermal CVD method has been generally used *^P«™"9 
the pdy^ilcon film (J. Veo. SoL Ibchnoiogy. vol- 14, pl082 (1977)). whfle the plasma CVD method has been widely 
20 used fbr dKwsiting the emorphouBsMoon (Solid State Com., vol. 17, p11 93 (1975)). 

[00041 However, the siBcon film fbrmed by the CVD method have Involved some problems to be improved in the 
manufacturing process: (1) manufacturing yield is low due to contamination of the manufiBoludng apparelue andj^ 
eratlon of foreign substances, since silicon parHoles appear in the gas phase to be used for the gas phase reaction, 
(2) a enicon film with a uniform thickness can not be deposited on e substrate having a rough surface, since a gaseous 
starting material to used. (3) a step fbr heating the substrate Is required, and pmductlvfty is low due to a alow deposition 
rats of the film, and (4) a compBeated and expensivemlcrowavogeneralpr and an evacuation apparatus are necessary 

5£y'^n£!g°<rhlghly'reBctivo gaseous sflleon hydride to be used as a starting material Is dHfleuW. besides re- 
dulrtng anaWlBht evacuation ^paratusas well as a pollutant eUmination apparatusfDrthetreatment of exhaust gases. 
Not only suoh large scale fadHfy Itself Is expensive, but also a large amount of energy Is consumed In the vacuum 

system and plasma systenj, rendering the product a high manufiaeturing cost. 

[0006] A method fbr coating liquid silicon hydride that Is f^ee fiom the vacuum system ^ w b^P'«»P<»»e* " 
yeare. Japanese Unexamined Patent Application Publication No. 1-29681 discloses a method fbr tomilng a femeon thin 
film by allowlngagaseousmaterial to be liquefied and absorbed onachinedsubstreteasal^^^^^^ 
the substrate to react with chemically active atomic hydrogen. However, the method also Involv^ a prDblem th^ a 
complicated apparatus Is required fbr oonHnuously evaporating and liqueWng silicon hydride, and control of the film 

thinness Is dHfloult (1). ^ ^^^^^ - , ..^^ «„ ^On.. 

[0007] . While Japanese Unexamined Patent Application Publication No. 7-267621 discloses a method for coating 
the substrate wilh low molecular weight liquid silicon hydride, on the other hand, handling of this complex system la 

40 so troublesome that It is dMRoult to obtain a unlfbrm film thiclmess when eppBed to a large area substi«^ 

[OOoq While an example of a solid alHeon hydride polymer has been reported In UK Patent GB-2077710A. it Is 
Impossible to form a film by coating since the compound 18 Insoluble In strfvents. , , 

[0009] The thermal CVD method, plasma CVD method and sputtering method have been widely used fbr fonrtng a 
gats Insulaflon film used for thin film transistors, an insulation film fbr the Interiayer insulation film, arid an electrode 

46 conductive film tbr the gate eleolrode and sounse/drain electrodes. The conductive film to be used for the thm film 
transistor is used far the gate electrode. sourceWrein electrodes, wiring lines fbr connecting among the elMtrod^. 
and wiring Unes for a power circuit, and a metal film such as Al, Cu, Cr or Ta film Is used as the conductive film. The 
conventional sputtering method is widely used forfonning the metal film and sillslde film. Whiieatranspareirt conducfava 
film In addition to the foregoing conductive film Is required for the thin film transistor to be used for a liquid wystal 

80 display' device, an ITO film Is usually used fbr the transparent conductive film, which Is deposited by the sputtering 
method as used In fbrming the metal filra . . , «. -i- » 

mm The CVD method InvoNea the following four features, which are the same as those In forming tiw BiHcofifiim 
as an insulation film: (1) manufaduring yield Is low due to contamination of the manufacturing apparatus and generation 
of foreign substances, since silicon particles appear In the gas phase to be used for the gas phase reaction. (2) a 

05 snicon film with a unltonn thickness oan not be deposited on a substrate having a rough surtbce, since a gaseous 
starting material is used. (3) a step for heating Mie substrate is required, and productivity is low due to a slow deposition 
rata of the film, and (4) a complicated and expensive microwave generator and an evacuation apparatus are necessary 
in the plesma CVD method. 
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[0011] An evacuation apparalua. In. addition to a vacuum pump » wall as a tarsal malertal, a sputtering povvw source 
and a eubstrato heating apparatus, ara required for the sputtering mathod to be utillred In fomifng the conductive film 
mainly comprising a metal tarn and the trandparant conductive film. Although a toxic and combustible gas is seldom , 
used In the sputtering mettied as oompared with the CVD method, the film Is deposited not onfy on the. substrate as a 

* ' film deposition object, but also on the fnner wall of the chamber In which the substrate Is placed. Peeled pieces of the 
deposition material from the Inner wafl serve as foreign substances during the film deposition process to result In 
decreased manufacturing yield of the product as In the CVD method. It Is the oommon drawbacks of the sputtering 
method with the CVD method that the film thickness Is uneven at the rough portions on the surt^ace of the substrate. 
productMly Is low» and the fbdIitiBs become large scale and expensive because an evacustfon apparatus Is required. 

io [p012] The method fbr fbrmlng the thin film by the conventional CVD method and sputtering method have involved 
the problems of low productivity, high Incidence of film defects and low yield, uneven fUm thkskness at ttio rough surface 
portbns, and breakage of wiring patterns at the steps* These problems also cause Increased manufacturing .cost of 
the thin film transistor- These problems in the CVD method and guttering method arise from Intrinsic features of the 
film deposition method such as use of the evacuatfon apparatus, need of heating of the substrate, raqulrament of a 

i9 power sourt;e for pl^ma generation, and film deposition on unnecessary portions such as the inner waif of the appa- 
ratus other than the substrate. These intrinsic features cause other pix^lems in that the large scale apparatus leads 
to a high fiacimy cost, and the mnnlng cost offhe apparatus Is also high. 

Disclosure of Invention 

20 

[0013] The present invention proposes a method fbr manufacturing a thin film transistor by a novel method essentially 
different from the conventional fitm deposition method. While the thin films such as a silicon film and an Insulation film 
In the thin film transistor have been deposited by a CVD method or a sputtering method, a desired thin film is fbrmed 
in the present invention by coating a substrate with a llqukJ- material to forni a coating film, fbllowed by hest-treafing 
25 the coating film. 

[0014] The otjeot of the present Invention Is to provide a method for $oMn^ the intrinsic problems Involved in the 
conventional film depostflon method, providing a method for manufacturing a thin film transistor with a low manufac- 
turing cost using a compact and cheap apparatus for forming a thin film vAth htghpnxluctivlty» less incidence of film 
defects, high manufecluring yield, ^riiall number of wiring breakage at the steps, and low manufacturing cosL • 
90 [0015] All or a part of the thin films such as the silicon film, Insulaflon film and conductive film constituting the thin 
film translator are fbrmed using a Uquki material in the pnssent Inventkin forsoMng the foregoing problems. The method 
mainly comprises the steps of^ forming a coating film by coafing a substrate vrith the liquid material; and forming a 
desired thin fflm by heat^rsatlng the coating film. 

[001Q In a flr^ aspect of the method fbr manuf^cturfng a thln film transistor the silicon film Is tbnmed by the steps 

39 comprising: filming a coafing film by coating a liquid material contairung silicon atoms; and he9t4reatfng and/br Irra- 
diating a light fbr converting the coating film Into the silicon film. 

[0017] In a first aspect so configured as described above, the heat treatment step desirably comprises a first heat- 
treatment step fbr converting the coated liquid material into an amorphous silicon film, and a second heat treatment 
step for converting the amorphous silicon film into a polycrystalllne silicon film. 

40 [001 q Preferably, the liquid material containing silicon atoms contafris a silicon compound having a cyclic group 
represented by a general formula of Si^Xm (wherein n represents an integer of 5 or more, m represents an Integer of 
n. 2fh2 or 2n, and X represents a hydrogen atom and/or a halogen atom) In the first aspect described above. 
[0018] It Is desirable that n is ^n Integer In the range of 5 or more and 20 or less in the siUcon compound haying a 
cyclic group represented by the general fbrmula of S^X^, in the sfiioon compound ha>rtng a cyclic grtJUp rBf>resented 

4fi by a general formula of SIrX^ (wherein n represents an Integer of 5 or more, m represents an Integer of n. 2n-5! or 2n, 
and X reprasentB a hydrogen atom and/br a halogen atom) In the first aspect described above. 
[0020] it Is also desirable Oiat the solute concentration of the solution containing the silicon compound having a oyoilo 
group represented by the general formula of 8l„Xm is ■» the range of 1 to 00% by weight 

[0021 J It is also desirable that the solution containing the silicon compound having a cyclic group represented by the 

50 general formula of Sl^X^, has a viscosity of 1 to 100 mPa-s. 

[0022] It is also desirable that the solution containing the sUicon compound having a cyclic group represented by the 
general formula of Si^ has a vapor pressure of 0.001 to 100 mgHg at room temperature. 
[0023] It Is also desirable that hydrocarbons ere used for the solvent fbr ttie solution containing the silicon corrpound 
having a cyclic group represented by the general fbitnula of S^X^. 

S6 [0024] In a second aspect, the present Invention provides e method for manufacturing a thin film transistor tbrmed 
on an Insulation substrate or insulation film, comprising the steps oft fbrmlng a coating film by coating a liquid niaterial 
containing silicon atoms: and heat-treaflng for converting the coating film into the silicon film, the step for forming the 
gate Insulation film and Interiayer insulation film comprising tiie steps of coating the substrate with polysriazane, end 
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oanverting coated polysilezana Mo a SiO^ fDm by heat-treatment 

. 10025] In a thW aspect, the presenf fnvenfion provides a method for manufacturing a thin film translator formed on 
an Insulation substrate or Insulation filmi comprising ftie steps of: forming a coating film by coating a liquid material 
containing silicon atoms on the substrate: and heat-treating for converting the coating film into a silicon film, the step ' 
s ibr fDmnIng the a gate electrode and source/drain electrode comprising forming a coating film by coating a liquid material 
containing a metal on the substrate, converting the coating film Into a conductive film by heat-treatment, and patteming 
tho conductive fijlrru 

[O02q It is preferable In the third aspect that the gate electrode and the sourca/drain electrodes are formed by forming 
a conductive film on the substrate by plating. Ibllowed by patteming the conductive fiim. 

10 01027] It Is preferable in the third asped that the gatf electrode and source/drain electrodes are formed by the steps 
comprising: forming a oonducthre film on the substrate by plating; and patteming the conductWo film. 
[0028] It Is preferable fn the third aspect that the gate electrode and source/drain eiectroda are fbnmed by the steps 
compriainsf: forming a coating film by coating an organic compound containing indium and tin: and heat-treating for 
converting the coating film Into a ITO (lnslum-71n-0xide) film. 

15 [0029] In a fourth aspect, the present invention provides a method for manulacturlng a thin film transistor formed on 
an Insulation substrate or Insulation film, comprising the steps of: forming a coating film by coating a liquid material 
containing silicon atoms on the substrate; heat-treating for converting the coating film Into a sUlcon film, the step, for 
forming a transparent conductive film comprising forming a coating film by coating an organic compound containing 
Indium and tin; and heat4reating fbr converting the coating film Into an VTO (Indlum-Tln-Qxide} film. 

20 [00301 in a fifih aspectp the present invention provides a method for manufacturing a thin film transistor formed on 
an Insulation substrate or Insulation film, comprising the steps oft forming a coating film by coating a liquid material i 
containing silicon atoms on an Insulation sukistrata or Insulation film; heat4reatingfor converting the coating film into 
a sllloon film; forming an islet region tiiat serves as a source, drain and channel by pattering the siRcon film; forming a 
gate Insulation film; fomnbig a gate efectrode; Injecting Impurities Into the source/drain regions; forming an interleyer 

25 insulation film; opening contact holes on the intsriayer insulation fiim; and fomifng electrodes and wiring lines. 

[0031] in a sbcth aspect, the present invention provides a method for manufacturing a thin film transistor formed on 
an Insulation substrate or insulation film, comprising the steps of: fomning a semiconductor layer that serves as a 
souroerdrain regions on an insulation substrate or irisulation film; forming a coating film by coating a liquid material 
containing sllloon atoms on the substrata; heat-traating for converting the coatinsi film into a silicon film: forming an 

so Islet region that sen/es as a channel region to be connected to the source/drain regions by patterning the silicon lAm; 
forming a gate insulation layer; forming a gate electrode; forming an Intertayer Insulation film; opening contact holes 
on the Intsriayer Insulation film: and fomiing electrodes and vwlring Ones. 

10032] In a seventh aspect, the present Invention provides a method for manufocturing a thin film transistor formed 
on an insulation substrate orinsulation film, comprising the steps of: forrrung a gate electrode on an InsulaOoh sUtK^trate 
35 or insulation film; forming a gate insulation layer; forming a coating iilm by*oosting a liquid material containing silicon 
atoms on the substrate; heat-treating for converting the coating film into a silicon filrh; forming a semiconductor layer 
tiiat serves as source/dr^In regions; and forming electrodes and wiring lines. 

[0033] In a eighth aspect, the present invention provides a method for menufooturing a tiiln fiim transistor oomprislng 
tiiln films of a silicon film, an Insulation fiim and a conductive film, wherein all ti)e thin films are formed using a liquid 
40 material, and the method for forming the thiri films comprises no evacuation apparatus. 

[0034] In a different aspect, the preserrt Iriventton provides a method for manufacturing a thin film transistor com- 
prising thin films of a silicon film, a gat© insulation film, a gate electrode conductive Aim, an intertayer insulation film, 
a conductive film for electrodes and wiring Wnos, and a transparent conductive fiim, wherein all the thin films are formed 
using e nquld material* and the method for forming the thin films con^rises no evacuation apparatus* 

45 

Brief Description of the Drawings 

[003Q Rg. 1 shows a process for forming thin films using a liquid material. • 
[0038] Fig. 2 shows coating films formed using a liquid material. 
so [0037] Fig. 3 shows the process for fonning thin films by the conventional CVD method. 

[0038] l=Ig. 4 crosses sections showing a manufacturing process of a co-planar type thin film transistor according to 
Example 1 of ttie present Invention. 

[0039] Ftg. 5 Is cross sections showing a manufacturing process of e stagger type thin film transistor according to 
Bcampie 2 of ttie present invention. 
55 [P040] Fig. 6 Is cross sections showing a manufacturing process of a reversed stagger type thin film transistor ao* 
cording to Example 3 of the present Invention. 
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Best Moda for Carrying Out the Invention 

I0D41] Thin films constituting a thin film transistor comprises a silicon film» an Insulation film and a condudlva film, 
and a transparent conductive film Is used ee an additional tNn tHm in the thin film transistor to be used for a liquid 

5 crystal display device. These ttiln films have been mainly formed by a CVO method or a sputtering method* Howevefi 
the thin films formed by the conventional CVD method and sputtertng method Involved the problanu of low jmduotlvlty. 
high Incidence of film defects and poor menu^ctuHng yield, uneven film thicJcness at rough portions on the surlbce, 
arKi breakage of wiring pettems at the stepe. These problems result in cost-up of the thin film transistor manufactured 
by the method a4 described above. These problems In the CVD method and sputtering nn^od arise from Mrthsto 

10 features of these film deposition method such as using an evacuation apparatus, requiring a substrate heating means, 
requiring a power source for generating plasma, and causing film defects due to forslgn materials fbmied by (»ellng 
of Utrns formed on excess* portions on the Inner wall of the apparatus other than the substrate. TTiese Intrinsic features 
also Involve the problems of larga scale facilities to Increase the facility cost and high running cost of the apparatua. 
[0042] Pig. 3 shows a standend manufacturing process for film deposition by the conventional CVD method. The 

IS substrate placed In a CVD apparatus is evacuated after being transfen^ Into a load^lock chamber, and is heated after 
being transferred into a heating chamber followed tyy film deposition by being transfenned into a process chamber. The 
process chamber has a heating mechanism for maintaining the temperature of ttie substrate.. A microwave is applied 
for forming a plasma of an Introduced gas for film deposition by applying the microwavo after the gas prsssuie hee 
been stablRzed. The ramalrtfng gaa is purged after the film deposition, and the aubstrate la transferred Into the load*> 

20 lock chamber to take out Into the sir after supporting with a bent Since the process gas to be used In the CVD method 
mostly comprise a toxic or Combustible gas, a gas4eak sensor arKi a pollutant elimination apparatus for rendering the 
exhaust gas harmless should be installed for the sake of safety control of the CVD epparatus. Tha toxic or combustible 
gas should be thoroughly purged In tiie gee-purge step, forcing to waste a long time before completing the film depo- 
sltlbn process. 

j?5 ^043] Rims are deposited in the sputtering method by an almost the same treatment step as in the CVD method 
aa ahown In Fig. 3. The sputtering method differs Irom the CVD method in that an Inert gas such as Ar Is mostly used 
and toxic and combUStit>le gases are seldom used, and a DC power source la used Instead of the microwave. However, 
these are slight differenoes In comparison with the entire manufacturing process and constitution of the apparatua Ibr 
fbrming the thin film aa a whole. The sputtering metfiod also Invoh^ the same problems as those in the CVD method 

30 In that the apparatus has a large site and the productivity is low. 

[0044] On the contrary, the thin film is fisrmed starting fivm liquid materials. TYie mcjor process comprises fbrming a 
coating film of the liquid material on a sul>8trate, and heat-treating for converting the coating film into a tuncttonal film. 
The coating film is fMned by a spin-coat method, roO-ooat method, curtain-coat method, dip-coat nietiiod. spray method 
and Ink'jet method. The stiuctura of a ooatfng apparatus to be used fbr these metiioda Is quite simpje, because It Is 

35 tiasically composed of a stage or a hokfer for holding the substrate, and a mechanism for coating a liquid on the 
substrate. While the apparatus used in a heat-treatment step and/or light Irradiation step comprises a heat-trsatmant 
apparatus such aa an oven, a baking fiimaca and en annealing lUmace. and a light irradiation apparatua using a 
halogen lamp or UV lamp as a light source, these apparatus has also a very simple structure. 
EOMStI Fig, 1 shows one embodiment of tiie method for fanning e thin film flrom a liquid material according to the 

40 present Invention. While control of the atmosphere Is required In tiie steps for coating the film and for forming ttie thin 
film depending on tt)e liquid material to be used, the process is t>a8ically cam'ed out in air. One may recognize how 
simple Is the method for fbrming the thin film according to the present Invention, in comparison wltti the film deposition 
steps by the conventional CVD method and sputtering mettiod. In the epparalua for Ibmnlng ttie coating film by the 
spbi-coat method shown In Rg. 2, only a stage 201 capable of rotating, and a dropwlsa addition mechanism of the 

49 liquid material 203 on the substrate 202 ere necessary. A heating device comprises a stage or holder on which the 
sut>strate is placed, and a heating mechanism. Accordingly. It may t>e understood that theapparatua to be used In the 
present Invention is compact and cheep as compared with the conventional CVD and sputtering apparatus. 
[0040] The present Invantlon Is able to solve the Intrinsic problems of the conventional film deposition method, making 
it possible to fbrm the thin film with low cost and to manufacture a low cost thih film transistor with higher praduoUvlty, 

so smaller Incidence of film defects, higher manul^cturing yield, and good coverage of the steps. 

10047] As hitherto described, all or a part of the thin films of the siDcon film, Ir^ulation film and conductive film are 
formed using the liquid material In the method for fbrming the thin film trai^lstor according to the present invention. 
While the basic process comprises forming the coating film by coating the liquid material on the substrate* end con- 
varting the coating film into a thin film by heat-traatment, a step for forming a desired thin film on the suriace of the 

ss sut^trate by dipping the substrate in the liquid material may be Included in the process. The spin-coat method, roll- 
coat method, curtairvcoat method, dip-coat method and Ink-Jet method may be used for fbrming the coating film on 
the substrate. 

[0048] Silicon compounds involved in the liquid material to be used In the present Invention fbr fomning tiie silicon 
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film ara represented by a general fbmiula of Si^Xm (wherein n represents an integer of 5 or nnore, m represents en 
Integer of n, 2n-2 or 2n, and X represents a hydrogen atom and/or a halogen atom). 

IP048] The Integers n and m In the sIQcon compound represented by the general formula of Si^X^ are preferably 5 
or more and 20 or less, and 8 or 6, respectively. Handling of the silicon compound becomes difficult due to distortion 

s of Its cycllo structure when n fs smaller than 5, while selection range of the practically available solverits becomes 
narrow due to decreased solubility of the sllloon compound asoribed to the aggregation force, when n Is larger than'20. 
[0050] Examples of the monocyclic sDlcQn compounds represented by the general farmula above ?ndude cyctopen<« 
tasUene. sHylcydgpentasilane, cydohsxasllane. oylylcyclohexacylane. and cycloheptasilane, and examples of the bl- 
cyplfc silicon compounds Include l.l'-biscycrobutasilane, LI'-biscydopentasQane, l.i'-blscydohexasllanei 1,1*-blsc^ 

10 doheptasllane. 1.r- cydobutasllylcyclopantasiJane, 1,r-cydobutasilyl-cyclohexasilan©, tr-cyclobutasrlylcydohep- 
tasilane, U'-cydopentasilytcydohexasilane, l.l-c^clopentasilyJGyoloheptasllane, 1,1'-cydohexasilyl-oydoheptesl> 
lane. spIro[2^]penta$llane, 8plro{3.3^hepta8^lane, sp!fo[4^]nona8nane,spiro[4F5]decadlane, 8piro[4,e]Uhdeca8ilene, 
6poroI5,6Iundecasilane, spIro[6,6]dodeca6ilane, 8pirD[6,6]trldecasIlane. 

[0051] Examples of pdyoydlo silicon compounds Include silicon hydride compounds of the compounds 1 to 5 shown 
is below: 



20 



26 
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Compound 4 Confound 5 



[0092] Another examples other than tha silicon compounds described above include aflcon compounds In which 
hydrogen atoms in the frame structure ^re partially substituted with SIH3 groups or halogen atoms. A mixture of two 
or more of these compounds may be used. Partiouiarty preferable from the point of solubility In solvents are 
4S biscydopentasilane. I.l'-biscydohexasllane, 8piro[4,4]nona8iIane, 8piro[4,61deca8llane. spiro[5,6]undecai»lane and 
spIro[5,6]dodecasllane» and silicon compounds having SIH^ groups In their frame. 

[0053] While a solution essentially containing a silicon cornpound having a cydic group represented by the general 
formula of Sl„)^ is used for forming the silicon film according to the present invention, the solution may contain other 
silicon compounds such as n-pentasQane, n-hexasllane and n-heptasllane« 
90 [0054] The silicon compound to be used in the present invention can be manufactured by tha following mettiods 
using a monomer having a corresponding structural unit as a starting materisU 

(a) A dehalcgenatlon condensation polymerfzatlon of haloallanes In the presence of an alkali metal, so-called 
Klpping*s method [J. Am. Chem. Sog.. 110, 124(1d8a): Macromolecules. 23. 3423(1990)]; 
ss (b) A dehalogenatlon condensation polyrnerizatlon of halostlanas by an electrode reduction [J. Ch'em. Soc, Chem. 

Commun., 1181(1990); J. C^em. Soo., Cham. Commun.. 397(1992)]; 

(c) A dehydrogen condensation polumenzation of hydrosllanes in the presence of a metallic catalyst (Japanesa 
Unexamined Patent Application Publication No. 4^34551); 
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(d) An anion pofymerizatlon of disaene oresa^ked with Uphanyl [Nacremoleculos, 23, 4494(1990)1; and 

(e) After synthe^bdng the cyotio silicon compound substituted wHh d phenyl group or alkyf group by tho method 
described above, the product may be converted Into compounds substituted with a hydroxyl group or halogen 
atom by a method Icnown In the art [for example, 2. anorg. allg. Chem., 469, 123-130(1979)]. These halogenatod 

5 cycfoftUane compounds can be eyritheelzed by a method known In the art (for example, E. Hangga et al., Mh. 

Chem. vol. 10, p603 (1875); E. Hengga et al., Z. anorg. al^. Chem., vol. 621, p16l7(199S); R BOudjouket al., J. 
Chem. Soo., Chem, Commun. P777 (1984)], and a ohiorlheted oompound, hydrogenated compound and partially 
chlorinated compound may be used by optimizing the synthetic conditions. 

10 [OOSq A solution prspdM by dissolving the eiUoon compound repn^sented by the general fbmiula S)f^ is coated 
on the eubatrate in the present Inventfon. The solvent to be used In the present Invention usually has a vepor pressure 
in the range of 0.001 to 200mmHg at room tempereture. It may be sometimes difilcuttto form a good coating film when 
the vapor pressure is higher than 200 mmHg, because the solvent evaporates eariler before fomiing the coating Him. 
When the vapor pressure is lower than 0.001 mmHg, on the other hand, drying of the coating film Is so slow that the 
solvent Is liable to be remained in the coating fllnv thereby making it dlfflcuK to obtain a good quality silicon film after 
the heat treatment and/or light irradiation treatment The soh^ents to be used in the present Invention are not partfcufarly 
restricted provided that they do not react with the sDioon compcund. Bcamples of the solvents include hydrocarbon 
solvents such as rvhexane, n-heptane, n-octane, n*decane, dlcydopentane, benzene, toluene, xylene, dulena, Indene, 
tetrahydronaphthalene, decahydronaphthalene, and squalene; ethers such as dipropyfether, ethyleneglyool dimethyl* 

20 ether, ethyfeneglycoi diethyiether, ethyleneglycol mettiylethylelher. diethyieneglycol dtmethylether, ettiyleneglyool dl- 
ethylether, diethyieneglycol methylethytettier. tetrahydrofuran, 1,2-diethoxyethane, bls(2-<nethoxy8lhy0ether, and p- 
dioxane; and polar solvents such as propylene carbonate, 'ftMJtyrolectone, N-methyi-2-pyrrolldone, N-methyl-2-pym>- 
lldone,, dimethyifomiamide. ecronitrile, dimethytsulibxide. and chloroform. Hydrocarbon solvents and ether based sol- 
vents are preferable among them In view of solubility of the siHoon compounds andmoditled silicon oon^ipounds, and 

2S more preferable sohrnits ere the hydrocarbon solvents. These solvents rriay be used atone or as a mMure ttiereof. 
The hydrocartwn solvents are particularly suitable since they can Improve solubility of the sllloon compounde besides 
suppressnng the anruxjnt of residual sfficon eompounds in the heattreatmentor light irradiation treatment to bedeecribed 
hereinafter. 

tOOSSI Feeding of a gas is not required In the method for fbrmlng the eillcon film according to the present invention, 
^0 B9 in the oonventional CVD method. After coating the sllfcpn compound dissolved In a sohfenf on the sut^strate, the 

solvent Is dried to form a film of the Silicon compound, followed by converting the silicon compound film into a metalllo 

silicon film by heat-decomposition or photolysis* The method to be used for coating the solution of the silicon oompound 

include a spin-coat method, roli^at method; curtain-coat method, dip-ooat method, spray method and Ink-Jet metiiod. 

The solution Is usually coated et room temperature, because a part of tha solute may precipitate at a temperature 
99 t)eIow the room temperature due to decreased solubility of the silicon compound. The solution Is preferably coated In 

an Inert gas atmosphere such as nitrogen, helium and apgon. A reducing gas such as hydrogen may be preferably 

nrdxed in the atmosphere If necessary. 

£0057] While the rotational speed of a spinner when the spinner is used is determined by the thickness of the Mn 
film to be formed and the composition of the coating solution, it Is usually 100 to 5000 rpm and prafbrably 300 to 3000 
^ rpm. A heating treatment is applied for removing the solvent after coating. While the heating temperatiJite is different 
depending on the kind and bolUng point (vapor pressure) of the solvent, ft is usually 1 00 to 200^C. The same^atmosphera 
such as helium and argon as us^ In the coating step is also prefdrabiy used for drying. 

100581 The silicon cornpound is converted Into the silicon film by treating with heat or light in the present Inverrtlon. 
While the silicon fflm obtained in the present invention Is amorphous or jix^lycrystalline, an amorphous silicon film or 
^ polycryst^line silicon fl/m can be obtained by e heat treatment with a final temperature of less ttian about 550^C or 
550^C or more, respectively. The film la heat-treated preferebly at 300°C to 550°C, more preferably at 350^0 to 500°C, 
when one desires to obtain en amorphous silicon film. When the final temperature is less tiian 300°C, the silicon 
compound is hot completely decomposed by heat to fail In obtairiing a silicon film having a suftioient thickness. It Is ' 
• preferable to apply the heat treatment In an inert gas atmosphere such aa nitrogen, helium and argon, dr In an atmos- 
phere in which a reducing gas such as hydrogen is mixed. The amorphous silicon f Im may be converted into a poly- 
crystalllne silicon film by irradiating a laser beam to tha amorphous silicon film, if It is desi^ble. An atmosphere not 
containing ox^en, for example an atmosphere In nitrogen, helium or argon, or an atmosphere In whIcH a reducing 
gas such as hydrogen Is mixed, is preferably used for laser irradiation. 

[00591 On the other hand, the coating flim of the silicon compound may be subjected to a light Irradiation treatment 
S9 before removing the solvent In en inert atmosphere. The silicon compound soluble In a solvent is not only converted 
into a tough and sohrent insoluble coating film by ttie light irradiation treatment, but also is converted into 9 silicon flim 
having excellent photoelectric charactedstics by the light irradiation treatment, or by a heat treatment simultaneously 
applied with the light Irradiation treatment 
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roOQ(n Ttie iigM souice to be used for the light Irradiation treatment for oonverBng the eiDoon compound Into the 
sVieon film Indud© a mereuiy lamp, deuterium lamp or an electrto discharge light from a rare gas such ae argon, krypton 
and xenon, as wefl as a YAG laser, argon laser, carbon dioxide laser, and eximer laser such as XeF. XeCI, XeBr, KiCI, 
ArF and ArCI lasers. WWte these light sources have In general an output power of 10 to 5000W. an output power of 

5 100 to 1 0OOW may be suffloent While the wavelength of these light sources Is not restileted provided thai the light is 
absorbed by the silicon coitvound to some esdent. It la usually In the range of ITOnm to eoonm, and a wavelength of 
I70nm to 380nm is parttcularty preferable liom ttie point of absorption efficiency. Use of the laser light Is particularly 
preferable ftom the point of converelon effidency to the polyor^taBlne silicon. The temperature fbrihe light Irradiation 
treatment l« usually ftom room temperature to 500"C, but the temperrture mey be appropriately aeleoted dependbig 

10 on the charaderistles of the silicon film obtained as e semloonduotor. 

[Olfflil The concentration of the slUcon compound solution la about 1 to 90% by weight in the present invention, whidi 
may be adjusted depending on the desired thldmess of the sHIcon film. When the concentration fflceaada 80%, a unifbrm 
coating film cannot be obtained because the solute is liable to predpltate. 

[0062] A trace amount of a fluorine based. sOicon based or nonionic surface tendon adjusting agent may be ad^ 
16 m the soluflon within a range not coihpromising objective functions. The nontonic surfiaeetanslon atflusting agent maiws 
wettabiltty of the solution to the coating object good, improves leveling properties of the coating flirt», and senras for 
piwenting granular or rough surface of the coating film from being generated. 

[00631 The nbnionlo suiftee active agents as described above include afluorine based surflace adiveagent. a fluorine 
based surtboe adiveagent contalnlngafluortnatadailcyi group or pertluoroalkyi group, or a polyelherallqrl based suriiace 

ao active agent having an ostyallcyl group. Bcamples of the fluorine' based surtice acfiwe agents Indude 
C9F«C0NHC,2H28. CeFiTSOaNH- (C2H40)H. C9Fi70{Puiironidc L-35)C9Fir. C9F17O (PullronJok P-64)C9F„, and 
Sf»0 nbtronic704) (C9F„)a, wherein Pullronick-L-35 is a polyoxyprepylene-polyoxyethylene bloolc copolymer wrtb 
arnsan molecular weight of 1.900 made by AsaN Heotroehemical Co.: Pullronlcic P-84 fs a polyoxypropyleneiSoIyQJO' 
yethylene block copolymer with a mean molecular weight of 4,200 made by Asahl Hectroohemlcai Co.; and Tetronlc- 

28 704 Is a N,N,N',N"-te(rekls(poIyoitypropyiene-polyo?yethylenB) bloolc copoIymBr wKh a mean moiepMiarweight or6,00a 

made by Asahl Electrochemical Co. 

[00641 Bcamples of the fluorine based surface acBve agent Indude F-TOP BF30 1 , BF303 and EF352 (made by Shin- 
AUIe Chemicals Co.), Mega^ F171 and F173 (made by Dainihon Ink Co.), Ashahl Guard AG710 (msfde by Asahl 
Glass Co ) norade FC170C. FC430 and FC431 (made by Sumitomo MMM Co.), Surflon 3382. SC101 . aC102. SC103, 

30 SC104, SC105 and SC106 (made by Asahl Glass Co.), BM1000 and 1100 (made by IW-ChemIe Co.). and Schsego- 
Fluor{madebySehwegmannCo.). 

[OOOg Examples of the polyetheralM based suriace active agent Indude pdyoxyethylene alkylether, poiyoxyethyl- 
ene allyiether, ptitvaxveOxV^ne alkylphenolether, poiyoxyethylene fatty add ester. sorbKane fatty add ester, polyox- 
yethylenesorbltene fatly add eeter, and oxyethyiene-prepylone block polymer. . ^. 

36 nosei ExampIesofthesepolyetheraikylbasedsurfaceaoliveagentindudeEmargen105,430.810and920.Leodoi 
SP40S and TW-L120. Emand 31 99 and 411 0, Exel P-40S. Bridge 30, 62, 72 and 92. Aressel 20, Emaad 320. TWeen 
20 and 60 Marge 45 (all of them are made by Kao Co.), and Nonlpol 55 (made by Sanyo Chemicals Co.). The nontonio 
suri^ acthm agent other <han those described above are, for example, poiyoxyethylene fatty add ester, poiyoxyeth- 
ylene soibltane fetty add ester, and poiyaalkyleneaxide block copolymer, and example of them Indude ChenHstatt 

40 2800 (made by Sanyo Chemicals Co.). SN-EX922B (made by Sun-Nobuko Co.), and ftonal 630 (made by Toho Ojem- 
teal industries, Co.). These nonionic svrfac9 active agents era used preferably In an amount of 0.01 to 10 parts W 
weight, In particular in an amount of 0.1 to 5 parts by weight, relative to 100 parts by weight of the comWnwJ amount 
of the components (a) and (b). The amount of less than 0.01 parts by weight la not preferable sinoo the efiSeot of the 
nonionic suri^ aedve agent is not displayed, while the amount of exceeding 10 parts by weIgM la also not preliBrable 

49 since the composition readily forms besides causing color change by heating. 

roOCT] The viscosity of the silicon compound soluflon prepared is usuaUy wiffiin a range of 1 to 100 Pa-S. end can 
be apprepriateiy selected depending on the purpose of coating and thleknesa of the ooaUng film. A viscosity of more 
than 100 Pa'S makes a unifbrm coating film to be difltcult to obtain. 

rooosj While the substrate to be used Is not partioularty restricted, conventional quartz. borosiBcBte glass and soda 

50 glass, as well as a transparent electrode such as ITO. metallic substrate such ss gold, silver, copper, nickel, titanium, 
aluminum and tungsten, and a glass or plastic substrate comprising these metals on the surface, may be used. 
[00681 The insulation film Is termed using the liquid metBrtal In the present Invention, so far as it is possible. The 
nquid material that can be used tbr forming the Insulation film Includes polysiiaxane and SCO. Polysilaaane has a Sl- 
M-Si bond, and SOO has a Si-O-SI bond, and both substances may be coated on the substrate to from the coating 

ss filmby Ihe'spln-coat metfiod, roli-coat method, curtain coat method, dip-coat method, spray method and Inkjet method. 
The method for forming the coating film can be selected depending on the thickness and unitbnnlty of the coating film, 
and the size and shape of the substrate. While an Insulation Aim having better quality may be obtained as the heat 
treatment temperature after farming the coating film is higher, the temperature is appropriately selected considering 
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heat restetanoe of the sutetrato used, and process concfltlons 61 the semiconductor devTce. Using polysllezane can 
aflterd an Insulation film having a better film quality than using SOQ, when the heat treatment tempenaturs Is relatively 
as low as 300 to 500°C, The Insulation film may be fbmied on the surface of the substrate by dipping the substrate in 
the liquid material. For example, a SiOj film can be fomned on the substrate by dipping the substrate In an aqueous 
$ ITuorosiaolc odd solution end adding bond aold in the aqueous solution, ee disclosed In Japanese Un^mlned Patent 
Appncatlon Publication No. 5-259184w When the peribmianGe of the tNn film transistor la remarfcaUy Influenced by the 
film quality of the gate Insulation fOm detemiined by the heat treatment temperature In manufacturing the semiconductor 
device, the Insulation film may be formed by the conventional film deposition method using an evacuation apparatus, 
or by heat oxidation. 

10 [D070] The conductive film la formed using the liquid material In the present invention, so fer as it is possible. The 
conductive film Is fomied using the nquld material by a method comprising forming a coating film on Oie subatreta by 
spln-coating, and heat-^rsatlng the coating film for converting Into a oonducdve film; or a method for fbmning the corv 
ducdvetilm on thesurf^ceof the substrate by dipping the substrate In the liquid material A suspension solution prepared 
by dispersing metal fine particies In en oi^enlc solution, or a solution prepared by dissolving an organic acid coritalning 

IS a metal In a solvent, may be used as the liquid material to be used in lha method using the coating film. The suspension 
solution usually contains fine parttdes of a nobie metal fbrfomting a metaincfllm of Au or Ag. The organic add solution 
containing In and Sn can be used for fonning the ITO film- The dipping method available Include the so-called plating 
method, which can be used for fomnJng metallic films of Ml, Cu or Au. For securing contact resistance between the 
conductive film and elednides or sourae/tfrein regions of the thin film transistor In forming the conductive film, the 

zo sputtering method as a conventional film deposition method, or a combination of the sputtering method and the liquid 
material niay be used fbr fbrming the oonduotlve film. 

[0071] The present hnventfon wni be described In detaO hereinafter with reference to 9ie examples. 
(Example 1) 

IP072] Example 1 of the present Invention is shown In Fig. 4. The method Ibr manufacturing a oo-planar type thin 
film transistor is shown In Fig. 4 In the order of its manufocturing steps. 

[007^ . In Rg. 4. a coating film was at first fomried on a glass substrate 401 at a rotational speed of 500 rpm using 
5% solution of a mbdure of cyclopefvtaaliane and eydohexasilana as the silicon compound in benzene as a sohrent. 

30 Than, after removing the solvent in the coating film by heat-treafing at lOO'C fbr 30 minutes, a thin film containing 
silicon with" a thickness of SO nm is formed by heat-treating at 400*C fbr 30 minutea. Subaequently. a laser beam with 
an eneigy density of 250 mJ/cnr^ was Irradiated onto the thin film to form a polycr^talline silicon film. The steps fi-om 
forming the coating film to laser inadiation were performed in an Ar gas atmosphere containing 1 ppm or less of oxygen. 
The coating film was fbmied and heat-treated In a glove box whose atmosphere had been controned, end the laser 

36 beam was in^diated through a quartz glass window to the glass substrate placed in a sealed vessel provided with the 
quartz glass window and having the same atmosphere as that in the glove box. The glass substrate was taken out of 
the glove box into the air, followed by forming an islet region 402 to serve as source, dr^ln and channel regions by 
photo*«tohing. 

10074] An Insulation film 403 was formed in the next step using the llqukl matertaL In this example, 5% concentraton 

40 of Pdysiiazane in xylene as a solvent was coated on the substrete at a retatlonal speed of 200 rprn to form a coating 
film with a thickness of about 1200 A. Then, the solvent was removed by baking the coafingflimat80°Gfor30nnlnutes, 
and the coating film was converted Into a SIO2 film by heat-treating at SSO^C for 60 minutes to form a gate Insulatksn 
film 403. Although the insulation film was heat-treated at 350''C, electrical characteristics of the gate insulation film as 
well as MOS InterfiaGe characteriatica are improved, thus Impro^g reUability of the thin film translator, when the coating 

46 film Is heat-treated in an atmosphere containing oxygen and water vapor. 

[0075] Subsequently, a gate electrode 404 was formed using the liquid material. A aolufion of 8% concentretlon of 
an organic compound containing Indium and tin In xylene as a solvent wps used In this example. A coating film was 
fonnad on the substrate at a rotational speed of 1500 rpm, followed by removing the soh^ent by a heat4reatent at SO^'C, 
and an rro film with a thicknesa of 2000 A was fomned by heat-treating at 300"C. A gate electrode 404 as shown in 

6Q Fig. 4(c) was obtained by photo-etching. 

[007B] Subsequently, souroe/drain regions 405 and 406 were formed by an lon-lmplantafion method using the gate 
electrode 404 as amask. The conditions for ion-ImpIantatlon were an implantation energy of phosphorous of 70 KeV 
and an Implantation der\sityof 1 x lo^^/cm^. The Ion-Implantation was carried out while the photoresist used for fomiing 
the gate electrode was left behind on the ITD film. 

ss [0077] The source/drain regions above rnay be formed without using the lon-impiantation method. The gate insulation 
film on the source/drain regions ara at first removed using the gate electrode 404 as a maak In the structure shown In 
Rg, 4(c). Than, a S0G-PS6 film I9 formed by coating, and the film Is annealed with a laser beam after removing the 
solvent in the S0G-PS6 film and compacting it by a heat-treatment The source/drain regions are formed by allowing 
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phoaphomus In the PSO film to dlfli«© into the siljqon film sa a lower layer. The SOG-PSO film may bo removed 
thereafter, or may be remained to ufillre It as a part of an interleyer Insulation film. 

[0078] The interlayer Insulation filrh 407 was formed In the next step using polysllarene as ahown In Fig. 4(d). A . 
polysilazane solution with a concentration of 10% was coated on the substrate at a txjtatlonal speed of 1000 rpm to 
6 femi a coating film. Than, xylene as a solvent was removed by baking at 80*»C. end a SIOj film with a thickness of 
about 6000 A was fomied by heat-treating at aso-C. WhOe the heaMreatment at 3S0'C was carried out ip an atmoa- 
phere containing oxygen, electrical characteristics and reliability es an insulation film may be further improved by heat- 
treating in an atmosphere containing oxygen and water vapor. 

ID W»] An electrode layer was fbnned thereafter using the liquid materia es shown in Rg. 4(e), after opening contact 
10 holes on the Interiayer Insutalton film 407. A suspension solution prepared by dispersing metal fine parades with a 
diameter of several tens angstrom in an organic solvent wea used in this example. A coating film was formed by coefing 
the suspension solution on the substrate, and the coating film was converted Into a oonduotfve film by heat-treating at 
200**C after removing the solvent Finally, electrodes 40a end 408* were fanned by patterning as shown in Rg. 4(e). 

15 (Example 2) 

lOOBO] Example 2 In the present Invention la shown In F^. 6. Fig. 6 shows one example of the manutactui^g process 
of a stagger typo thin film translator. 

[GOBI] In Rg.5(a), the reference numeral 501 denotes a glass substrate, the reference numerals 502 and 502" denote 
20 silicon films to serve as source/drain regions in which impurities are doped. A solution with a vlsooslty|of 8 mPa-s 
prepared by dissoNing 2g of 1,1'-bls (oyolohexasilane) in 10 g of tduene ms spin-coated on a glass substrate 401 
under an argon atmosphere, end the ooating film was heat-treated at 450"C in argon after drying at ISO^^C to form a 
m^Ulo silicon film with a thickness of 65 nm. Then, the film was annealed with a laser having an energy density of 
300 mJ/cm2 to farm a polycrystalline sfilcbn film. Phosphorous ions were Neded Into the polycrystalline sIHcon film 
28 by bn-lmpfantation. and source/drain regions 502 and 502' were formed by patterning. 

[0052] The order of the laser annealing step and the lon-implantatlon step and may be reversed, i.o- the Ions are 
Implanted at first and then annealed with a laser. When the steps are In tttfs order, the Implanted ions may be activated 
simultaneously with crystallization of the silicon film. 

pOBq ' Othenviss, the ion-lmp!antatlon method may be omitted by tat<ing advantage of a PSG film in fanning the 
30 sUicon film In which impuriNes to aenre as the source/drBin regions are doped. After forming the polycrystalline alUcon 
fifmlVom the costing film of the sUicon compound as described above, a SOO-PSO film Is fbnmed by ooetlngi the solvent 
In the SOO-PSG film is removed by heat^atment, and the remaining film Is subjected to laser annealing- Phosphorous 
in the PSG film diffuses into the silicon film at the lower layer, thereby the silicon film in which Impurities are doped can 
be fonned. The excess SOG-PSG film Is removed thereafter to obtain a structure shown in Fig. 5(e)^ The laser annealing 
36 step may be applied after fonring the 80G-PSG film, after forming the coating film of the siflcon compotind and re- 
moving ttie solvent. 

[0OS4] Subsequently, the silicon film 503 to serve as a channel region was formed as shown In Fig. 5{tj). At first, a 
solution with a ^dscosiV of 7 mPa^s was prepared by dissolving 2g of silylcydopentesllane in 10g of toluene, and then 
the solution was spfnnxiated on the substrate under an argon atmosphere followed by drying at 150**C.. Then, the 
40 coated film was decomposed by heating at 490^C In argon oontainlng 3% of hydrogen to form a metalllq silicon film 
with a thickness Of 50 nm. Then, the silicon film was annealed with a laser to fwm a poiycryetalUne ellloon film. An Idet 
region 503 to sen/e as a ohannel region for oonnecting to the souree/drafn ragiona was formed by phold^tching de 
shown in Fig. 5(b). 

lOOdQ In th0 next step, a gate Insulation film 504 is formed with the liquid material as sliwon In Rg. 6(c). At first, a 
4S polysilazane solution wHh a ooncentration of S% is coated on the substrate at a rotational speed of 2000 (pm to form 
a coating film with a thickness of 1200 A. Then, a gate insulaflon film 504 was fomied by modHying the coating film to 
a SiOa film by heat-treating the coating film at 350"C for 30 minutes. 

IQ0B6] In the next step, a gate electrode 505 Is formed with the liquid material as shown in Rg. 5(d). At first, a coating 
film is fonned on the substrate at a rotational speed of 1 500 rpm using a scrfutlon of an organic compound containing 
so indium and tin with a concentration of 8% in xylene. Then, the solvent was removed by heat-treatment at 80*0, followed 
by heat-treatment at 300"C to form an ITO film with a thickness of 2000 A. Then, a gate elecbx^de 504 was formed as 
• shown fn Fig. 5(c) by photo-etching. After the heat-treatment at 300«^C for 30 minutes, the substmte was taken out in 
the air after subsequently cooling the substrate to 200*»C In a reducing atmosphere of hydrogen to forni the ITO^film 
having a low reslstNely. 

55 [0087] in the next step, an Interiayer insulation film 506 Is formed using the liquid material as shown In Rg, 5(e). A 
coating film is at first formed by coating a solution with a concentration of 10% on the substrate at a rotatibnal speed 
of 1000 rpm. Then, xylene as a solvent was removed by baking at 80"C, followed by heat-*eatlng at 360*»'c to obtain 
a SIQx film wHh a thickness of about 5000 A. 
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[QOM] After opening contact holed on the interlayer insulation film 506 as shown fn Rg. 6(f)f efeotrode^ 507 and SOT 
were fonned using the liquid material. The electrodes were formed using the ITO film In this example. Uefng a solution 
of an organic compound containing Indium and tin with a concentration of B% fn xylene as a 80lvent« ^ |coaOn^ film is 
fbnned on the substrate at a rotational speed of 1 500 rpm. Then, the solvent Is removed by a heat-treatment atjSOO^C 
s to form the ITO f9m with a thickness of about 2000 A. RnaHy, the electrodes 507 and SOT as shown IntRg. 6(f) were 
formed by photo-etching. ; \ 

(Example 3) , j 

10 [0089] Example 3 of the present Invention Is shown In Rg. 6. Rg. 6 shows one example of the manufi^ckiring prooeee 
of a revensed stagger type thin film transistor. A gate electrode 602 la at first formed on a glasa aubslrafe pOI as shown 
in Rg. 6(a). A gate electrode was formed by an electroless plating In this ^carnpfe. Using a sodium-treejniGlcal plating 
solution, a nickel film with a thickness of about 4000 A was formed on the substrate. While the nickel film Is grown by 
allowing nickel to precipitate by dipping the substrate in the plating solution, an activator treatment Is appUdd for cleaning 

19 the substrate as a pre-treatment step. Although a solution containing sodium is usually used in the pr^^traeitrnenti a 
sodium-free solution was used for the pre-treatment In the present Inventian. The nickel film was psctlerKed by a con- 
ventional photo-etching using a mixed solution of nitric add and glacial acetic ackJ as an etching solution. 

[0090] A gate Insulation film 603 was formed as shown In Rg. 6(b) using the liquid material. Pdysilajzane solution 
with a conoentretlon of 5% is at first coated on the substrate at a rotafional speed of 2000 ipm to fomi a ooatlhg film 

20 with a thickness of about 1200 A. Then, the solvent In the coating film was removed by heat-treating d B&C» followed 
by heat-treating at 350*0 to convert the C08(tlng filnri into a SIO^ film to form a gate Insulation film 603; 

[0091] Subsequently, a silicon film 604 that serves as a channel layer is formed using the liquid mattepal as shown 
In Rg. 6(c). A coating solution with a visoosi^ of 1 0 mPe s la at first prepared by dissolving 2g of hexa^laprlsnndn (the 
compound I) In 10g of totuenOp end a coating film Is fonned by spin-coating this solution on the sub^tcate under an 

2S argon atmosphere containing 3% of hydnsgen. Then . the goafing solution was Irradiated a UV light fiotfik SOOW high- 
pressure mercury-vapor lamp for five rninuites to change the coating film to a solid film comprising polyhydrosllane. 
This send film is subsequeritfy heated at 5D0»C In argon containing 3% of hydrogen to form a mstallk: silicon film with 
a thickness of 50 nm. Then, the film was annealed with a laser having an energy density of 260 m/cin^lto crystailire 
the sinoon fDm into a polycryst^llna silkxin film. 

30 |po92] in the next step, an Insulation film 60S that serves as a channel protecthre film, ^nd a silicon film jp06 end MO" 
doped with Impurfiles that serves as source/drain regions ere formed using the liquid material as shown In Rgl 6(d). 
The channel protective film can be formed using, for example, polysilazane as in forming the gate eiectn^dji. The silicon 
film doped with Impurities that serves as the source/drain regions may be formed by flie same method, as forming the 
source^draln regions shown in Rg. 6(a). The film was formed by a method not using ion-Implantation in this exi^mple. 

^ In other words, after fonning the siOcon film fiom a coating film of the silicon compound, the SOG-POG fllrti was formed 
by coating, and the solvent was removed by heat-treatment, followed tiy annealing the film with a laser, f hosphbrous 
in the POG film dlfiUsed Into the silicon film as a lower layer. TTie excess S06-PSG film la removed thereafter to obtain 
the stmcture shown In Fig. 6(d). The laser annealing step may be applied after removing the solvent fiiprp the coating 
film of the silicon compound, and after forming the S06-P0G film. 

40 [Q09q Subsequently, eledrodes 607 and 60r ere formed from the liquid material as shown in Rg. 6(e^. An ITO film 
was formed as an electnode In this example. Using a 6% solution of an orgenle compound containing irnilum ahd tin 
In xylene as a solvent e coating film Is formed on the substmta at a rot^fionai speed of 1500 rpm. Theri, the solvent 
is removed by heat-treating at SO^C, and the ITO film with a thk^kness of about 2000 A was formed by hept-trsating at 
300^0, Subsequently, electrodes 607 and 607* were obtained as shown In Fig. 6(e) by photo^ching. The substrate 

4S was taken out into the air after cooling the substrate at about ISO^C in a reducing atmosphere containing hydrogen, 
after heat-treating at SOO^C for 30 to 60 minutes, In order to reduce reslsth^lty of the ITO film. The eldc^ixla fiormed 
using ITO Is a transparent electnode, which may be used as pixels required in a liquid crystal display deijlce. 

Industrial Applicability ! ; 

so : : 

[0094] All or a part of each thh film of the silicon film, insulation film and conductive film oonstituilrig[the thin film 
transistor according to the present Invention are formed using the liquid materials. The principal mettxsd comprises 
forming coating films by coating the liquid materials on a substrate, and forming desired thin films by hdat-treatinjg the 
costing films. Accordingly. Intrinsic problems in the conventional Him deposition methods such as the CVDjmethod and 

05 sputtering method can t>e solved, enabling the thin film transistor using a compact and cheap apparatu^ l>y forpiing 
the thin films with high productivity, small Incidence of film defects, high manufiaoturing yield and good covjsrage at the 
steps. 
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Claims 

1. A method for manufecturing a thtn film Iranslstor comprising a silicon film, a gate Insulation film, a gata electrode • 
conductive film« an Ihterlayer Insulation film, and a thin fDm for electrodes and wiring llnee, ttie silicon film being 

5 fomied by the steps comprising: forming a coating film by coating a liquid material containing silicon atoms; and 

heat-4raatlng and/or Irradaflng a light Ibr 'converting the coating film Into the siilcon film. 

2. A method for manu^cturing a thin film treinslstor comprising a sllfoon film, a gate insulation film, a gate electrode 
conductive film, an Interiayer Insulation film, a thin film for electrodes and wiring lines, and a transparent conductive 

10 film, the silicon fDm being fbmied by the steps oomprising: forming a coating film by coating a liquid rnaterial con- 

taining silicon atoms; and heat-treating and/or in^diafing a light for converfing the jcoaffing film Into ttis sitlcon film. 

3. A method for nrianu^cturing a thin film transistor comprising the steps of: forming a coating film by coating a liquid 
matariai containing silicon atoms on an insulation substrate or insulation film; heat-treating and/or inadjating a light 

16 for converting the coating film Into a silicon film; Ibmriing an Islet region to serve as sources, drains and channels 

by pattering the silicon film; fonning a gate Insulation layer; fbrmihg a gats electrode; Injecting impurities Mo the 
souTCe/draln regions; forming an interiayer insulation film; opening oontact holes on the Interiayer insulation'fiim; 
and formrng electrodes and wiring lines. 

20 4. A method for manufacturvig a thin film translator comprising the steps of: forming a.semiconductor layer containing 
ImpurWea that sen/es as source/drain regions on an insulation substrate or Insulation film; fonrdng a coating film 
by coating a liquid material containing silicon atoms on the substrate; heat-treating andfor In^dlafing a light for 
converting the coat'ng film into e silicon film; forming an islet region to serve as a channel region to be connected 
to the source/drain regions by patterning the silicon film; fomning a gats insulation film: forming a gatp electrode; 

25 forming an Interiayer insulation film; opening oontaot holes on the interiayer insufatlon film; and forming electrodes 

and wiling lines. 

5. A method for manufacturing a thin film transistor comprising tha steps of: fom^ing a gata electrode on an insulation 
sut)8trate or insulation film; forming a gate insulation film; forming a coating film by coating a liquid material tioni- 
SO talning slUeon atoms on a substrate; heat-treating arid/or inrddlating a light for converting tha coating film into a 
sincon film; fonrrtf ng a semiconductor layer containing Impurities that serves as source/diBin naglons; and forming 
electrodes and wiring lines. 

e. A method for manu^oturing a tiiri film transistor according to, any one of Claims 1 to 5, wherein the heat-^treatment 
99 step comprises a first step for heat-treating and/or irradiating a light fqr converting the coated liquid material Into 

an amorphous sDioon film, and a second step for heat-treating for converting the amorphoua silicon film Into a 
ploycfyataliine sOIoon film. 

7k A msthod for manufacturing a thin film transistor according to Claim 6, wherein the first step for heat-tnsating and/ 
40 or irradiating a light comprises a step for inadiating a light with awavelengtiiof 170 nmormoreand SOO* run or less. 

e. A method for manufiacturtng a thin film transistor according to Claim 6. wherein the first heat-tneatment step com- 
prises: removing a solvent contained In the coating film formed with the liquid material containing silicon atoms; 
end converting the coating film Into an amorphous sUloon film by heat-trsatlng at a temperature higher than the 
^ temperature in the step for removing the solvent. 

9. A method for manufiacturing a thin film transistor according to Claim 6, wherein the second heat-treatment step 
comprises heat-treating with an Intense light such as lamp annealing or laser annealing. 

90 1 0. A method for manufacturing a thin film transistor according to Claims 1 to 6, wherein the heat-treatment step using 
an Intense light such as lamp annealing or laser annealing is carried out In an atmosphere containing ho oxygen. 

1 1 . A method for manufocturing a thin film transistor according to any one of Claims 1 to 5, wherein the step jTbr forming 
the gate Insulation film comprises coating the substrate with polysilazane. and converting coated polysilazane Into 

ss a SiOi film by heat-treatment 

12. A method far manufacturing a thin film transistor according to any one of Claims 1 to 6, wherein the step forforming 
the gate electrode comprises: forming a coati'ng film by coating a liquid material containing a metal on the substrate 
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with; converting the coating film into d mote) film lay heat-treatment; and pattering the metal film. 

13. A method far manufaohJring a thin film trandstor according to 

the gate electrode comprises: farming a metal film on the eubstrete by platmg; and patterning the metal fllm- 

s 

14 Amethod tor manufecturing a thin film transistor according to any one of Clalnna 1 to 6, wherein the step tbr forming 
the gats elpctrode comprises: fanning a coating film by coating an organic compound containing Indium end tin 
on the substrate: and heat-treating the ooating film far converting Into an ITO (Indium-Tln-Oxide) film. 

io IS- A method for manufacturing a thin film transistor according to aafms 1 to 6, wherein the step for fomilng the 
interlayer Insulation film comprfses: ooating polysllazane on the substrate; end converting polysltazane Into a SIOj 
.film by heat-treatmenL 

ia Amethodfarrnanufacturingathlnfllmtranslstoraccordlngtoany oneof Oairnsl to5.^^ 
iS the electrodes and wiring lines comprises: fanning a coatinq film by coating a liquid materiel containing a metal 

on a substrate; converting the coating film Into a metal film by heat-iraatment; and patterning the metal film. 

17. A method far manufacturing a thin film transistor according to any one of Claims 1 to 6, wherein the step for forming 
the.electn>d©s and wlrfng lines comprises: farming a metal film on a subslrHte by plating; and patteming the metal 
20 film. 

18- AmethodfarmanufacturingathlnfilmtranelstoraocordlrHBtoanyonoof Qalinsl to5. whe^^ 

the electrodes end wiring Ones comprisos: forming a coating film by coating en organie compound cont^nlng Indium 
and tin on the substiBte; and heat-treating for converting the coating film Into an TO (Indium-Tln-Oxide) fibn. 

19. Amethod for manufacturing athlnfiimtranelstoracconJing to Oiaim2, wherein the step torforming the transparent 
substrate comprises: forming a ooating film by coating an organic compound containing Indium and tin on the 
substrate; and heat^raatlng for converting the coating film Into an ITQ (Indlum-Tln-Oxide) film. 

30 20i A method for manufaduring a thin film transistor according to any one of Claims 1 to 5, wherein the liquid material 
containing sllioone etorna contains a sQicon compound having a cydlc group represented by a general fonnula of 
SlnXm (wherein n represents an Integer of 5 or more, m reprasente an Meger of n, 2n-2 or 2n, and'X repreaenfa 
a hydrogen atorn arvl/or a halogen atom)« 

^ 21, A method for manufacturing a thin film transistor according to Claim 20. wherein n Is an integer in the range of 5 
or moia and 20 or less In the sIHcon compound having a cyclic group represented by the general fomiuia of Si^X^. 

22. A method tor manufacturing a thin film transistor according to Claim 20, wherein the solute concentration of the 
solution containing the silicon compound having a cyclic group represented by the general formula of la in 

40 therangeofi to60%by weight. 

23. A method for manufacturing a thin film transistor according to Omm 20. whensln the solution conteining the silicon 
compound having a cyclic group represented by the general formula of S^,X„, has a viscosity of 1 to 100 mPa-s. 

48 24. A method far manufacturing a thin film transistor according to Claim 20, wherein the solution conteining the silicone 
compound having a cydlc group represented by the general formula of SinXm has a vapor pressure of 0.001 to 
100 mmHg at room temperature. 

25. A method for manufacturing a thin film transistor according to Claihi 20 or 21. wher^n hydrocarbons are used for 
60 the solvent for the solution containing the silicone compound having a cyclic group represented by the general 

formula of SinX;„. 

26. A method for manufacturing a thin film transistor comprising thin films of a silicon film, a gate Insulation film, a gate 
eiadrode conductive film, an Interiayer insulation film, and a conductiveflim for eieotrodes and wiring lines, wherein 

00 all the thin films are formed udng Hquld material8» and no evacuation apparatus Is used for forming all the thin films. 

27. A method for manufacturing e thin film transistor comprising thin films of a sUIcon film, a gate insulation film, a gate 
electrode conductive film, an Interiayer Insulation film, a conductive film for eledrodas and wiring Unas, and a 



13 



8. MAI. '^006 1 /:14 



PAIbNIANW. LOUIS PObHLAU LUHKbNIZ 



NR. 96M .S. lb/21 



EP1113 5Q2A1 

transparent conductive film, wh^in aO the thVn fflms are Ibrmed using liquid materiate. end no evacuation appa* 
retu9 Is used for fbrming all the thin films. 
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